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Abstract 
“Nuclear energy is part of a sustainable energy future” is a conclusion which is increasingly 
reached by a variety of energy scenario studies by world-renown institutions such as the 
IAEA, OECD/IEA & OECD/NEA, World Energy Council, and also reached by different 
national energy assessment reports. Nuclear does own various unique features that make this 
energy technology a prime candidate to fulfil a large part of our energy needs, beyond 
today’s use of nuclear energy for our electricity needs. The previous ‘wave’ of nuclear 
energy deployment since the 1970’s was, and still is, governed by the use of 235U as main 
driver to spur this deployment of nuclear energy with gradually the introduction of the U/Pu -
cycle in the thermal neutron spectrum reactor park (essentially LWR-technology). 
Technological progress and good economics of the U/Pu-cycle and especially the economic 
competitiveness of the LWR’s have made this U/Pu-cycle essentially the standard 
worldwide. Fast spectrum reactors (FRs) haven’t yet been developed at sufficient large and 
industrial scale to make full benefit of the U/Pu-cycle and there are no prospects that the 
world would massively turn to such FRs in the immediate future. On the verge of a second 
wave of nuclear deployment, increasing interest is and has to be given to synergies between 
various nuclear reactor technologies and especially the global nuclear fuel cycle as enabler 
towards sustainable nuclear energy deployment. Those synergies  aim at a reduced reliance 
on natural uranium resources, continued good economic competitiveness of nuclear energy 
in local markets, safe and non-proliferant use of nuclear energy, and a reduction of ultimate 
wastes to be disposed of. This paper provides an overview of various avenues towards 
sustainable nuclear energy deployment and perspectives from the nuclear industry leader 
AREVA. 
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1. Introduction  
    Energy is crucial for economic development of the world. Energy services also help to fulfil basic 
needs such as food and shelter and contribute to social development by improving education and public 
health. 
_____________ 
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 Energy is crucial for economic development of the world. Energy services also help to fulfil basic 
needs such as food and shelter and contribute to social development by improving education and public 
health. Energy has therefore deep and broad relationships with each of the three pillars of sustainable 
development – the economy, the environment and social welfare. The growing economic prosperity has 
resulted in a growing demand for energy and energy services. New energy technologies have allowed to 
switch from essentially distributed energy resources and technologies (e.g. wood..) towards networked 
energy services (e.g. electricity, gas pipelines) while also contributing to an improving welfare. As can 
be seen from historic data, the fraction of networked energy services and especially electricity goes 
hand-in-hand with the increase of gross domestic product per capita as an indicator for society’s 
welfare. This switch in energy conversion technologies in most cases also lead to an improved 
environmental impact through the replacement of local polluting energy conversion technologies (e.g. 
coal or biomass used locally for heating) by more environmental friendly technologies (e.g. local use of 
networked gas or electricity services) next to being in general more energy-efficient. 
 
The growing demand for energy worldwide has, however, been increasingly associated in the recent 
two decades with environmental detriments among which the emission of greenhouse gases has been 
the most prominent one. The ‘Limits to Growth’-question raised by the Club of Rome in the 1970’s, has 
recently spurred renewed attention due to increasing energy prices, a perceived shortage of (liquid) 
fossil energy resources and their increasingly deemed unfavourable geo -political distribution. Last but 
not least, the environmental impact of these fossil-based energy conversion technologies with possible 
devastating consequences for the future is a growing worldwide concern. 
 
Many authoritative studies have concluded that a continued massive use at  global scale of fossil energy 
resources without major technological improvements may not continue forever without this 
environmental and socio-political dimension becoming major limitations to growth. The discussion on 
the future of energy resources, conversion technology and services is all the more conditioned by the 
fundamental question of how to alleviate the growth of worldwide welfare and thus energy demand 
without inherently posing a too high environmental burden on our planet.  
 
Nuclear energy today contributes for 6% to world’s primary energy supply and serves 11% of the 
electricity supply.  
 
 
Primary energy supply Electricity supply 
 
 
Fig 1. 1973 and 2008/2009 fuel shares of world total primary energy supply and in electricity supply (IEA,2010) 
     The world’s primary energy demand is projected to increase by a factor of 1.5 to 3 by the year  2050. 
This growth in energy demand will not be distributed evenly and is essentially the result of the 
combined effect of increasing population and changes in energy consumption per capita in the different 
regions as shown in figure 2. Currently energy-intensive countries, despite energy demand management 
efforts, knew a further increase in their energy demand through the increase of energy intensity per 
capita (i.e. growing economies) with a small increase in population. Today’s rapidly growing  
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economies also know increase in energy intensity per capita but combined with a strong growth of their 
population.  
 
 
 
 
Fig. 2. Prototypical energy consumption and population in various countries in the world [IPCC]. 
Today, there is increasing evidence that an overly reliance on fossil energy resources will not be 
sustainable due to a continuous depletion of these fossil resources but especially due to their 
environmental impact, i.e. greenhouse-gas emissions leading towards climate change. The challenge for 
a sustainable energy future is clearly schematized by the Kaya equations, i.e.: 
CO2 emissions = Carbon content of energy × Energy intensity of economy × Production per capita × 
Population 
 
Given an international goal to reduce the CO2-emissions by 50% by the year 2050, and given: 
 An expected growth of world population by 50% by 2050 [IPCC 2000];  
 An average moderate growth of production per capita of 1%/year, which is a very slo w growth 
in light of the economic growth shown by the developing countries, resulting in an increase by 
65% of the production per capita by 2050; 
 Assuming a reduction of energy intensity of economy by, on average, 1.8%/yr as proposed by 
IEA in its 2004’ prospective study on greenhouse-gas emission reduction scenarios for the 
energy sector, i.e. resulting by a decrease by a factor of 2.65 of the energy intensity of the 
economy by 2050; 
such CO2-emission reduction by 50% by 2050 may only be achieved if, at minimum, the carbon-
content of the energy sector would be reduced by a factor 2 and, assuming a more realistic 1.6%/yr 
economic growth and -1%/yr reduction of energy-intensity of the economy, by at least a factor 4. 
 
As such, “carbon-free” energy technologies are and need to be of high demand in order to cope with 
such an energy sustainability challenge for the world. Those technologies that may be considered 
“carbon-free” are pictured in figure 3 showing the greenhouse-gas emission intensity of various energy 
conversion technologies [PSI 2005] showing that hydro, wind, solar and nuclear energy technologies 
are those manifesting lowest greenhouse-gas emission. 
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Fig.3. Greenhouse-gas emissions (as CO2-equivalents) for various energy conversion technologies. 
The central question which may be asked is if nuclear energy can deliver a significant larger fraction of 
world primary energy demand, i.e. instead of 6.5% reaching at least a fraction comparab le to oil’s 
fraction, i.e. 35% by 2050 and maybe even more beyond 2050? Remark that such nuclear energy 
capacity increase seems large but might be needed if, as the Kaya-equation showed, a drastic reduction 
of carbon-intensity of the energy sector is requested. Obviously, such a question demands reflections on 
the availability of fissile and fertile materials to drive such important deployment of nuclear energy use, 
the impacts on waste arising and the overall economics, safety and non -proliferation. This paper will 
solely address the first question, i.e. what about the potential use of fissile and fertile materials 
availability and optimal use to spur the sustainable development of nuclear energy?  
A “mil lennium” look  on nuclear energy  
 
Figure 4 introduces a so-called “millennium”-look on nuclear energy, i.e. schematically showing the 
main strategies ahead for nuclear energy irrespective of the timing when these should be deployed. 
Figure 4 provides essentially a look into resource sustainability, i.e. the world inventory of fissile and 
fertile materials as function of the cumulative nuclear energy generated. 
 
During the first 50 years of nuclear energy use, essentially natural uranium (Unat) resources were used as 
the deployed nuclear reactor park was largely based on thermal reactor technology (LWR, VVER, 
PHWR) that mostly burn 235U. The use of such Unat, and the subsequent enrichment in 235U to fuel such 
thermal spectrum (light-water) reactors resulted in a increasing pile of depleted uranium (DU), with on 
average some 0.3% 235U, and also an increasing inventory of used fuel still containing a lot of fissile 
materials, i.e. enriched uranium (typically from LWRs still containing around 0.8% 235U) and 
plutonium, as well as minor actinides and fission products.  Remark that finally only about 0.5% of the 
mined Unat gets effectively used for energy generation in such thermal spectrum reactors  
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Fig. 4. Schematic representation of nuclear energy's past and challenges for the future from a resource perspective. 
.Such use of Unat leading finally to multiple fissile and fertile material stocks is inherently the natural 
outcome from the use of thermal spectrum (light-water) reactor technology. Of all main fissile 
materials, see table 1 and figure 5, only 235U is  readily available in nature, while the two other main 
fissile nuclides, 233U and 239Pu, need to be produced (to be “bred”) within a nuclear reactor, through the 
following reactions: 
 
238U + n → 239U (23,5 min) → 239Np (2,3 d) → 239Pu (24 000 y) 
 
232Th + n → 233Th (22 min) → 233Pa (27 d) → 233U (1.5 105 y) 
Table  1. Average number of neutrons emitted per fission (for the absorption of one neutron) by main 
fissile nuclides in a thermal and fact spectrum. 
 
 233U 235U 239Pu 
Neutrons/fission in 
thermal energy 
range 
2.29 2.07 2.11 
Neutrons/fission in 
fast energy range 2.27 1.88 2.33 
 
As can be seen from both table 1 and figure 5, 233U is the best fissile material in the thermal spectrum 
range and remains very good, comparable to 239Pu, in fast spectrum systems. 235U however is good only 
in thermal neutron spectra and not at all well suited for fast spectrum systems.  
 
As can be seen from both table 1 and figure 5, 233U is the best fissile material in the thermal spectrum 
range and remains very good, comparable to 239Pu, in fast spectrum systems. 235U however is good only 
in thermal neutron spectra and not at all well suited for fast spectrum systems.  
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Fig.5. Number of neutrons per fission for 233U and 239Pu available for breeding 
Such thermal neutron spectrum reactor technology needs low fissile working inventories (compared to 
fast reactors as discussed later) and, in an initial phase of a nuclear program deployment, such a 
characteristic is very useful to deploy nuclear reactor parks without overly requesting advanced fuel 
cycle technology or high initial working inventories of fissile materials. Though, the deployment of 
such a thermal spectrum reactor technology, in parallel to changes in the energy market and societal 
changes, led to certain impediments nuclear energy has to face today, i.e.: 
 A growing inventory of used fuel due to an imbalance between  generation rate and recycling 
or disposal rate of the used fuel results in a growing societal debate on the future of nuclear 
energy if a long-term waste management route for the ultimate radioactive waste (being it used 
fuel or vitrified waste after recycling) is not deployed at full. From a scientific perspective, 
such used fuel cannot be considered as waste to be disposed of due to the large amount, i.e. 
typically more than 94%, of fissile and fertile materials still contained in such used fuel. Only 
the fission products (FP) and maybe some of the minor actinides (which have no energy 
potential) are to be considered as ultimate waste with the amount of FP directly proportional to 
the amount of nuclear energy generated (see also figure 4, the fission prod ucts fraction being 
proportional to the nuclear energy generated).  
 Today, in light of the prospects of an increasing use of nuclear energy worldwide, there are 
also increasing concerns about the resource sustainability of nuclear energy, i.e. essentially the 
question if there’s enough Unat available in time to feed this growing nuclear energy park 
worldwide. The “economically accessible” Unat shall be depleted faster than the “physical” 
Unat-resource ultimately leading to increasing Unat-prices. Today’s projections (even 
conservative) of nuclear energy deployment during this century, and assuming today’s 
estimates of Unat-resources ranging between 5 and 15 million metric tons of Unat, shall result in 
a depletion of these resources before end of this century and especially a depletion of the ‘free’ 
available Unat (i.e. Unat not yet contracted) by around mid-century. Combined with an 
increasing average technical life-time of nuclear power plants (NPP), in the future even well 
beyond 60 years lifetime, any investor in such new NPPs shall demand assurance of fuel 
supply during at least a significant part of its assets’ technical lifetime and shall also 
increasingly focus on fuel cycle flexibility allowing to hedge against any future fuel cycle 
market developments (price increases, price volatility, perceived shortage, …). 
 
 
Energy (MeV) 
 
 
#neutrons  / fi s s ion 
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Referring again to figure 4, the main objective for a resource sustainability of nuclear energy is to 
increase the ‘world nuclear energy system conversion ratio’, i.e. the ratio of net fissile material creation 
to fissile material used in the nuclear energy system, i.e.: 
 Today’s LWR-technology has a conversion ratio ranging around 0.6. Use of MOX-fuel allows 
increasing the conversion ratio of the nuclear energy system resulting in a saving of around 
25% of Unat when combined with recycling of the separated uranium. Multiple recycling of Pu, 
i.e. multiple MOX-generations, is limited in today’s LWRs to 2 recycles and not envisaged 
beyond for the immediate future. Anyhow, the nuclear energy system’s conversion ratio 
increases through use of U/Pu-recycling though the reactor’s conversion ratio as such doesn’t. 
 Higher conversion ratios in LWRs may be possible through use of so -called high-conversion 
ratio LWR-designs resulting in conversion ratios towards 0.8 – 0.9 and in very advanced 
designs even reaching 1 (or even very slightly above 1). However, the industrial feasibility of 
such reactor is not yet secured. Though, the only (but welcome) effect such high-conversion 
ratio LWR-technology would have on the resource depletion as shown in figure 4 would be 
that, with a conversion ratio of 1, the depletion of Unat would become flatter, i.e. ideally with a 
conversion ratio of 1 reaching the slope as shown by scenario D in figure 4, i.e. the slope of the 
‘U/Pu Cycle Sustainability Objective’ where only fission products are ‘lost’ but where the 235U 
becomes replaced by new fissile material though where there is still need for Unat-mining 
obviously to provide working inventory for new NPPs and, in reality as the conversion ratio of 
the nuclear energy system or such high-conversion LWRs as a whole would remain below 1, to 
provide top-up fissile material. 
 Anyhow, any thermal neutron reactor based scenario is essentially based on 235U/239Pu use of 
fissile material with very limited use of a continuously growing new ‘mine’ of fertile material, 
i.e. the 238U in the DU-inventory. Full use of this 238U demands the introduction of fast 
spectrum reactors allowing to more efficiently transforming the 238U into fissile 239Pu and 
making virtually full use of the energy content of the once-mined Unat.  
 The main difference of FRs with the thermal reactor technology being that these FRs 
may indeed curb the depletion-curve and trend towards the ultimate ‘U/Pu Cycle 
Sustainability Objective’, i.e. only leaving fission products as ultimate waste.  
 The technically achievable and industrially envisageable maximal conversion ratio of FRs, 
including fuel cycle limitations, is around 1.3 demanding use of advanced FR-designs with 
metal fuels and short cooling times (and thus small working inventories of fissile/fertile 
materials in the fuel cycle). As such, any self-sustained growth of a FR-park is limited due to 
this upper limit of achievable conversion ratio (called breeding ratio in this case of conversion 
ratios >1). Any growth beyond would demand more futuristic technologies such as fusion 
neutron sources or accelerator driven systems introducing exogenously generated neutrons to 
transform fertile material into fissile material. FRs are more complex than present LWR, thus 
they are still more costly when compared to thermal reactor that have the same safety level. 
This too may slow down their deployment.  
 Beyond the use of U/Pu, use of thorium can be considered for a variety of reasons based on 
some inherent advantages of 232Th/233U, i.e.: 
 Use of 232Th/233U allows higher conversion ratios in thermal neutron reactors such as 
LWRs. Combined with a higher conversion ratio core design of LWRs, this may more 
easily maximize the overall conversion ratio of a thermal spectrum based nuclear 
t
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 Still, any use of the 232Th/233U demands a transition in synergy with the U/Pu-cycle as 
medium/high-enriched uranium or plutonium is needed as fissile materials to initiate 
the 232Th/233U-cycle; 
 An interesting advantage of 233U being that this fissile nuclide has a much longer half-
life than the fissile Pu-isotopes and thus once bred, the value of this 233U remains 
rather constant allowing strategies where surplus neutrons in 235U/239,241Pu-driven 
systems may well be used to breed such 233U as the value of it doesn’t degrade; 
 In addition, Th is estimated to be more abundant than uranium resources thought the 
exploitable amount depending on technical and economic conditions. 
Do  we need  all thes e technological op tions fo r a fu tu re s ustainab le nuclear energy  s ystem?  
 
The easy answer would obviously be ‘Yes’ though the answer is ‘Yes’ for a variety of reasons, i.e.: 
 Nuclear energy deployment shall be different in various regions around the world, i.e. due to 
technological capabilities, due to non-proliferation concerns, due to economic energy market 
conditions and many others, we cannot assume that nuclear energy systems will be similar 
worldwide. In fact, facing the possible rapid growth in currently nuclear non -developed 
countries where initially LWR-technology would be the major contributor to nuclear park 
deployment, the world as a whole shall be essentially trending on the scenario-A curve in 
figure 4, i.e. resulting into a rapid depletion of Unat-resources. 
 From a sustainability perspective for nuclear energy, those countries having the 
financial and technological capability to deploy ‘advanced’ nuclear energy systems 
therefore need to compensate this scenario-A trend with other, i.e. at least scenario-B, 
scenarios resulting into a worldwide increase of conversion ratio.  
 Utilities shall increasingly demand assurance on fuel supply and on fuel cycle flexibility. The 
latter, next to operational flexibility by fuel cycle facilities, essentially demanding the 
availability of various fissile material sources and thus relying on recycling of those fissile 
materials. Still, providing these various fuels based on various sources of fissile material 
essentially is a fuel cycle decision matched with nuclear energy system deployment in the 
future.  
Schematically, the principal decisions with regard to nuclear energy system (resource) sustainability 
relies on an optional value analysis at each moment in time covering three main options as shown in 
figure 6 (idealised figure), i.e.: 
 Strategy A option: 
 Or, R&D gets focused on extending the Unat-resource base shifting the 
depletion curve upwards . This also includes the use of Th as an extension of 
available fertile, and via conversion to 233U, fissile resources; 
 Strategy B options: 
 and/or, R&D is focused to get breeding FRs ‘rather sooner than later’;  
 and/or, high-conversion ratio LWRs or other optimised reactors like AHWRs 
with optionally use of Th are considered. 
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Over time, the parameters entering this option value analysis will change with obviously a combined 
portfolio of R&D covering these three main options and in addition different among 
regions/countries/utilities. 
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Fig.6. Option values decision on nuclear energy system deployment. 
Assuming a significant growth in nuclear energy use for reasons mentioned before, the deployme nt of 
nuclear energy systems may be quite different than during the first ‘wave’ of nuclear energy 
deployment. Rapidly expanding national or regional nuclear reactor parks may favour options towards a 
lesser dependence on non-domestic fissile/fertile material resources and thus favouring the use of 
recycling schemes and/or use of domestic Th-resources allowing transition towards recycling U/Pu 
and/or U/Pu/Th-cycles.  
 
Figure 7 addresses these future synergies and thus the need to think system-wide on the optimal use of 
U, Pu and Th in supporting a sustainable growth of nuclear energy. Providing for nuclear energy the 
path towards sustainable deployment will demand addressing optimal use of fissile materials 233U, 235U 
and 239,241Pu in a variety of reactor types where basic physics laws rule the deployment potential.  
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Fig.7. Variety of reactor types towards sustainable nuclear energy systems 
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Strateg ic op tions fo r nuclear energy s ystem dep loyment  
 
If nuclear energy is demanded to deliver a growing share of the future energy demand as described 
before, seven main goals for future nuclear energy systems deployment are deemed necessary, i.e.: 
G1. Cap the amount of used fuel in storage ; 
G2. Minimize the volume of repository space needed per additional TWhe energy generated , i.e. 
limit heat load in repositories; 
G3. Make it economically attractive, i.e. limit financial risks; 
G4. Serve the different energy markets, i.e. small versus large nuclear power plants, low and high 
temperature reactors, … 
G5. Manage non-proliferation concerns, i.e. employ intrinsic and extrinsic barriers; 
G6. Reduce the need for long-term stewardship of waste; 
G7. Make better use of limited  natural resources, i.e. natural uranium and thorium. 
Other goals relate to environmental impact, safety and operational aspects which are considered 
inherently needed for any single reactor type or fuel cycle facility being acceptable for investment 
consideration. These other goals are considered as inherently fulfilled in the context of this report. 
The means to achieve these seven goals are known and subject of many R&D-programs worldwide, i.e.: 
M1. Reprocessing of used fuel to serve goals G1 and G7; 
M2. Extend cooling time before disposal of ultimate wastes, i.e. essentially reducing the thermal 
load from fission products with short half-lives 
M3. Remove the actinides, especially americium, from waste to be disposed of by recycling these 
in reactors, i.e. serving goals G2 and G6. Though goal G2 also to be combined with longer 
interim storage periods allowing the fission products to decay; 
M4. Allocate fissile materials for maximum added value in appropriate reactors  serving goal G3; 
M5. Deploy different reactors and probably regional fuel cycle centres for goal G4; 
M6. Minimize out-of-pile inventories and use institutional frameworks for goal G5. 
Table 2 shows a relative correlation matrix (first order interactions) between the goals and means to 
achieve those goals. It is clear that the interrelationships between the goals and means ask for a sy stem 
thinking approach and this covering many decades to transition from today’s Gen -II nuclear reactor 
park towards a Gen-IV reactor park. In fact, multiple degrees of freedom exist to deploy such Gen-IV 
nuclear energy systems based on energy market growth, energy products to be delivered, regional 
energy market developments, and technological readiness of reactor and fuel cycle options. 
 
Table 2. First order interactions between means and goals towards sustainable nuclear energy systems. 
(++ indicates strong positive impact, - probable negative impact, nd = non-decided, blank = no obvious 
first order impact) 
Goal / 
Means 
M1 M2 M3 M4 M5 M6 
G1 ++      
G2 + ++ +    
G3 +  - + + + 
G4     ++ + 
G5 nd  nd  + ++ 
G6 +  ++    
G7 ++  + + +  
 
Serving a growing part of the energy demand by nuclear energy in some regions of the world will also 
be hypothesized by the international political concern of proliferation of fissile materials and 
knowledge. Without addressing in this paper in detail the multi-faceted nature of the non-proliferation 
debate, we may reasonably assume that future nuclear energy systems will have a significant growth  
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only if these systems in these regions are based on nuclear fuel cycle services rather than the 
deployment of a local fuel cycle infrastructure in virtually every country using nuclear energy. Several 
other advantages are associated to the regional fuel cycle centre concept, i.e. security of supply of fissile 
materials (goal G7, means M4), active management of fissile material stocks (means M6), economics 
(goal G3, means M4), match to growing market sizes in nuclear non-developed regions (goal G3), … 
W hat’s  then an  ‘op timized’ us e o f the materials  U, Pu  and  Th?  
 
Answering this question is overall a multi-criteria exercise in finding the path forward matching the 
above-mentioned goals with the available means and this also reflecting national/regional differences. 
As such, there’s no single ‘optimized’ path forward though there are basic ‘good practices’ allowing 
such a path with optimal use of the fissile (and fertile) materials 233U, 235U and 239,241Pu, i.e. 
 Whatever transition envisaged today towards a more widespread use of nuclear energy, fissile 
materials availability is crucial being it via the ‘Strategy A’ or via the ‘Strategy B’ approach 
shown in figure 6. As mentioned before, the choice between the two strategies (obviously 
mutually non-exclusive) depends on a variety of local and international conditions 
(technological, economic, societal, political). 
 However, if nuclear energy is truly to be part of a sustainable energy future, 
reprocessing of used fuels is crucial as it provides the world more options towards 
such sustainable energy future;  
 Without reprocessing, only the 235U-route is possible with potential technical 
(resource availability) and economic limitations in the future. Not reprocessing 
means also no transition towards 239,241Pu and/or 233U driven nuclear energy systems 
which may provide, nest to resource extension, also avenues towards improved 
ultimate waste management as such. Reprocessing on its own (without recycling) 
already providing a benefit with regard to ultimate waste management due to a 
strong volume reduction and a much improved waste matrix behaviour (vitrified 
wastes); 
 Sticking to the 235U-route also raises the issue of increasing enrichment 
capacity needs. 
 Seeking for highest achievable world nuclear energy system conversion ratio - given 
technological, economic and societal limitations – will also be crucial to allow full deployment 
of nuclear energy especially in rapidly growing nuclear deployment scenarios as is the case 
for India.  High conversion ratios for the nuclear energy system being the result of a 
combination of low neutron losses in reactors, lowest fissile material need per energy 
generated, transmutation of fertile into fissile material especially via fast spectrum reactors, 
lowest fissile material working inventories in cycle (short cooling times) and minimal losses of 
fissile materials into ultimate wastes. 
 Not all these options request a domestic deployment and this presents the main challenge for 
worldwide nuclear energy deployment, i.e. how to find optimum paths of local energy market 
economic-driven nuclear reactor park  deployments with worldwide sustainability-driven 
nuclear fuel cycle requirements matching the fissile material needs of all?  
 There is no simple answer to this question though, for sure, only nuclear has the 
unique characteristic of high energy density (106 times the one of today’s energy 
vectors) providing multiple avenues to answer this challenge. 
 Regional fuel cycle centres are part of the answer and AREVA is very much in line 
given already the global and/or regional nature of fuel cycle services provided, e.g. 
reprocessing on a global level, enrichment on a more regional level. 
 
AREVA’s  pers pective  
 
AREVA, as global leader in nuclear energy and major player in renewable energies, has been and is 
increasingly investigating these various paths forward with nuclear energy being a prime technology to 
enable such sustainable energy future. From a fissile and fertile material use perspective and especially 
in view of reducing the reliance on Unat, all options pictured in figure 8 are researched including also the 
technical-economic assessment of when and how these options should become available. 
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Pu-recycling in MOX
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Fig.8. Illustrative scheme of options researched to reduce reliance on Unat. 
    AREVA already offers mature solutions for the U/Pu-cycle for LWRs and CANDUs as well as 
performing the necessary R&D with French (specifically CEA) and international partners for U/Pu -
cycles for FRs and covering the transition between LWRs and such FRs. This includes the recyc ling of 
Pu but also of the reprocessed U (REPU) in LWRs and CANDUs. In addition, the use of Th and thus 
233U is investigated as part of the possible avenues towards improved use of fissile materials and 
making, already in LWRs, use of Th to further improve the U/Pu-cycle and to allow anticipating a 
future 233U-use in a variety of reactors, e.g. AHWR. While figure 8 only shows an illustrative time-scale  
for reactor deployment and fuel cycle options, it does indicate the importance to seek for synergies 
between today’s and future fuel cycle options given the development time and resources needed to 
deploy and or transition between such fuel cycle options. In light of a potentially important growth of 
nuclear energy worldwide, continuity of today’s main fuel cycle options though providing flexibility to 
the future and embedding the needs of rapidly growing nuclear energy parks is a key challenge for 
nuclear business and especially for AREVA as providing integrated services both for reactor as for the 
fuel cycle.  
    Today, AREVA performs a variety of strategic scenario studies addressing the questions introduced 
in previous sections in order to provide all current and future customers solutions towards a sustainable 
nuclear energy use. 
Conclus ions  
     
Nuclear energy holds unique characteristics that make it an energy source contributing towards a 
sustainable future. Still, to allow such deployment to happen, the nuclear energy system of tomorrow 
may need to be different from today’s one especially from the poin t of view of using fissile materials. 
Providing the world nuclear energy as a sustainable energy resource will demand to make use of the 
fissile materials contained in our earth’s natural resources though also in the used fuel where, being one 
of the unique characteristics of nuclear energy, there’s even potential to use the fertile materials by 
transmuting those in fissile materials and to extend the resource base a hundred -fold. Technological, 
economic and societal conditions may constrain the deployment potential of nuclear energy system 
options. . Still, avenues for nuclear energy use on a worldwide basis are envisageable through 
reprocessing, thus providing avenues for better use of today’s 235U 239,241Pu and future 233U fissile 
materials and recycling these in appropriate reactors. 
 
In short, while the first 50 years of nuclear energy were governed by a 235U-driven deployment, it’s 
time, in light of a potential important increase in nuclear energy use, to review our use of fissile 
material as this may and most probably will be the conditioning factor to transition towards a 
worldwide deployment of sustainable energy. 
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